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it. Very precise results can be obtained in practice with each of these two
methods.

I have already pointed out before (p. 164) that in case the reactions which
take place in the use of carbon monoxide and free carbon should lead to suc-
cessive states of complete chemical equilibrium, the concentration of the car-
bon in the cemented zones ought not to depend in any way on the partial
pressure (concentration) of the carburizing gaseous mixture (carbon monoxide
and carbon dioxide taken together) with respect, to the inert gases added.
This is because, as Schenck has shown,1 the isothermal pressure-composi-
tion curve for the mixtures of carbon' dioxide and carbon monoxide in
equilibrium with free carbon coincides throughout its whole length with
one of the equilibrium curves of the same gaseous mixtures with
the iron-carbon mixed crystals. This last curve (forming part of a
pencil of curves, each corresponding to a given concentration of carbon in the
mixed crystals) is just that one which determines the maximum concentra-
tion attainable by the carbon in the cemented zones obtained at a given
temperature by the process now under consideration.

But it has been already pointed out (see p. 188) that in these processes
true states of complete equilibrium can be reached only in the case (never
realized practically) in which the operation has been protracted so long that
the whole mass of the metal subjected to cementation is uniformly carburized.

In the contrary case (the only one which ordinarily occurs in practice),
when the carburized zone is limited to a portion of the mass of the steel, a new
coefficient modifies the final result; viz., the velocity with which the gases and
the carbon of the mixed crystals diffuse into the solid steel. The intervention
of this new "velocity" coefficient causes the absolute velocity of the various
reactions to also exercise an effect, which they could not exercise if states of
complete equilibrium were reached. This affects the final result of the cemen-
tation, and especially the concentration of the carbon in the cemented zones.
But since these absolute velocities vary with variations in the partial pressure
(dilution or concentration) of the active gases, it can be foreseen that the
variations in this partial pressure will produce practically utilizable variations
in the concentration of the carbon in the cemented zones.

Many experimental results confirm the correctness of these remarks, and
constitute concrete examples of the practical results which can be obtained by
applying the principles to which I have referred.

To work with "diluted" active gases, it is sufficient to simply substitute
air for the carbon dioxide, working otherwise in the same manner as indicated
for cementation with carbon monoxide. It is clear that the mixture of active
gas resulting from the action of oxygen of the air on the carbon will in this
way be "diluted with a volume of nitrogen about double its own volume,

1 See Schenck, Chimie physique des mitaux, 1911, pp. 200-201 (translated by Lalle-
"ment), Paris, Dunod etPinat, 1911.